This review analyzes articles published on the presence of septa in maxillary sinuses. An automated search was conducted on PubMed using different key words. This search resulted in 11 papers in which the presence of antral septa was assessed. These septa are barriers of cortical bone that arise from the floor or from the walls of the sinus and may even divide the sinus into two or more cavities. They may originate during maxillary development and tooth growth, in which case they are known as primary septa; or they may be acquired structures resulting from the pneumatization of maxillary sinus after tooth loss, in which case they are called secondary septa. Several methods have been used in their study, direct observation on dried skulls or during sinus lift procedures; and radiographic observation using panoramic radiographs or computed tomographs. Between 13 and 35.3% of maxillary sinuses have septa. They can be located in any region of the maxillary sinus and their size can vary between 2.5 and 12.7 mm in mean length. Some authors have reported a higher prevalence of septa in atrophic edentulous areas than in non-atrophic ones. If a sinus lift is conducted in the presence of maxillary sinus septa, it may be necessary to modify the design of the lateral window in order to avoid fracturing the septa.
Introduction
The presence of anatomic variations within the maxillary sinus, such as septa, have been reported to increase the risk of sinus membrane perforation during sinus elevation procedures (1) (2) (3) (4) . Maxillary sinus septa were first described by Underwood in 1910 (5) . They are walls of cortical bone within the maxillary sinus, their shape has been described as an inverted gothic arch arising from the inferior or lateral walls of the sinus, and may even divide the sinus into two or more cavities. Radiographic identification of these structures is important, since the design of the lateral window during sinus lift procedures is based on the presence and size of maxillary sinus septa (4) . The purpose of this review was to analyze articles published on the presence of septa in maxillary sinuses.
Search Strategy
An automated search was conducted in PubMed using different key words: maxillary sinus septa, sinus lift, maxillary sinus anatomy, paranasal sinus septa. The last search was conducted on July, 21st of 2008. Eleven papers published and indexed in MedlinePubMed, assessing presence of antral septa were found (2, 3, (5) (6) (7) (8) (9) (10) (11) (12) (13) . Septa origin: Classification According to Underwood (5) , the maxillary sinus floor is frequently divided into three basins: a small anterior one over the premolar region; a large median one descending between the roots of the first and second molars, and a small posterior one corresponding to the third molar region. These three sections of the floor of the sinus, which are often marked off by ridges, rising sometimes to distinct septa, correspond to three defined periods of tooth activity, separated by intervals of time: the anterior portion corresponds to the position of the eruption of the milk molars (between 8 months and 2 years); the middle portion corresponds to the eruption of the first and second permanent molars (from 5 to 12 years); and the posterior, corresponds to the eruption of the third molars (16 to 30 years) (5) . The origin of these septa is wholly dental, and is due to the persistence of the intervening partitions when the rest of the bony floor sinks down between the dental roots during tooth eruption, leading to the location of septa between the roots of two adjacent teeth (5). Underwood (5) observed the existence of another type of septa, indicating that it must have a different origin as it seemed to be unrelated with teeth. Krennmair et al. (8) classified septa into primary and secondary: primary septa corresponding to those first described by Underwood, arising from the development of the maxilla; and secondary septa arising from irregular pneumatization of the sinus floor following tooth loss. Other authors (10) (11) (12) , when observing maxillary sinus septa, classified them as primary septa if they were located superior to a maxillary tooth; and other septa, for septa located superior to an edentulous ridge, as they could be either primary or secondary septa, or a combination of both types. Septa study methodology Observation methods used by the different authors are shown in (Table 1) . Underwood (5) was the first to study maxillary sinus septa; he examined 45 dried skulls cut at the level of the maxillary sinus. Ulm et al. (3) conducted an observational study on the septa of 41 edentulous maxillae during sinus lift procedures. Lugmayr et al. (6) studied the presence and morphology of maxillary sinus septa by observing the CTs of 100 adult patients. Krennmair et al. (7) assessed the prevalence of septa in 265 maxillary sinuses; 65 were observed during sinus lifting, using the same method as Ulm et al. (3); and 200 sinuses were examined radiologically by CT. In 1999, the same group of authors (8) carried out another study of 194 posterior maxillary regions, which were divided into 4 groups: group 1, clinically observed during sinus lift maneuvers and with panoramic radiographs; group 2, skulls for anatomic study; group 3, atrophic ridges studied with TC; group 4, CT of dentate maxillary ridges. Kasabah et al. (9) conducted a radiologic study of septa comparing panoramic radiograph with CT. In the same year, Velásquez-Plata et al. (10) utilized SIM/ Plant software to analyze CT images of 312 sinuses; the presence of septa was determined using axial planes of section and the panoramic reconstructions were used to assess the height of the septa. Axial plane images were utilized to locate the segment to be measured in the lateral, middle, and medial aspects of the septa; septa measuring more than 2.5 mm in height at 1 of 3 positions measured were included in the analysis. Kim et al. (11) studied the reformatted computed tomograms from 200 sinuses, which were analyzed using an automated image analysis system; following the same procedure as Velásquez-Plata et al. (10) . González-Santana et al. (12) assessed the prevalence of septa in panoramic radiographs and CTs of 30 patients. Shibli et al. (13) reported the prevalence of maxillary sinus septa in totally edentulous patients, with 1024 panoramic radiographs observed by three examiners. Krennmair et al. (8) compared the number of septa localized in panoramic radiographs with the real number of septa detected during the surgery; panoramic radiographs lead to a false diagnosis in 21.3 % of the cases. Kasabah et al. (9) and González-Santana et al. (12) compared septa diagnosed on panoramic radiographs with septa diagnosed by CTs; they found a false diagnosis with panoramic radiographs in 44.1% and 11.8% of the cases, respectively (Table 1) . These results demonstrated the low reliability of panoramic radiographs in the detection of maxillary sinus septa.
Prevalence
The prevalence of septa can be calculated based on either the number of sinuses which have septa or on the number of patients who have septa.
In studies based on the number of sinuses, the prevalence varies between 13 and 35.3 % (3, (6) (7) (8) (9) (10) (11) (12) . In studies based on the number of patients, it varies between 21.6 and 66.7 % (5, 10-13) ( Table 2 ).
Location
Underwood (5) noted that the location of the septa inside the sinus is repeated in different individuals due to their development at three different moments of tooth erruption. He described three areas for septa location: anterior, between the roots of second premolar and first molar; middle, between the roots of first and second permanent molars; and posterior, distal aspect of third molar roots. Krennmair et al. (8) divided the maxillary sinus floor into three other regions: anterior, corresponds to the premolar area; middle, superior to the first molar; and posterior, in the area of the second molar. The sinus division made by Velásquez-Plata et al. (10) was: anterior region, between the mesial aspect and distal aspect of the second premolar root; middle, between distal aspects of second premolar and second molar; and posterior, distal aspect of the root of the second molar.
The same division was used by Kim et al. (11) . González-Santana et al. (12) divided the sinus into three parts by drawing two straight lines perpendicular to the floor of the sinus, and at the same distance from the anterior and posterior walls of the sinus, thus they obtained three regions: anterior, middle and posterior. For Underwood (5) , the most common location for septa, was the posterior region; for Ulm et al. (3) and Krennmair et al. (7, 8) , the anterior one; and for Velásquez-Plata et al. (10), Kim et al. (11) and González-Santana et al. (12) , the middle region. Table 2 . Summary of septa prevalence and location. (Preval: % Pt: prevalence based on the number of patients; Preval: % sinus: prevalence based on the number of sinuses). The prevalence of septa has no relation with patients sex or age (13) , but there are differences based on the type of edentulism; some studies reported a higher prevalence of septa in totally edentulous/atrophic areas than in partially edentulous/non-atrophic ones, with statistically significant differences (8, 11) . According to Kim et al. (11) this is because atrophic/edentulous maxillary segments generally contain secondary septa.
Handling of septa in maxillary sinus lift
The sinus lift operation consists of the preparation of a top hinge window in the lateral maxillary sinus wall, this window is luxated inward and upward together with the Schneiderian membrane to a horizontal position forming the new sinus floor; the space between the old and the new floor is filled with graft material (14) (15) (16) . The presence of maxillary sinus septa can complicate both the luxation of the window into the sinus and the lifting of the membrane (1). Boyne et al. (17) advises cutting the septa with a chisel and remove them with hemostatic forceps, so that the graft can be placed without interruption. Sometimes, it is necessary to modify the lateral window design to avoid fracturing the septa: if the septa is high it is advised to make two windows, one on each side (2,4); or make one w-shaped window if the septa is lower (4).
Conclusions
Between 13 and 35.3% of maxillary sinuses have septa; to avoid complications during sinus lifting a meticulous study of the sinus is necessary, preferably by computed tomography, as panoramic radiography has been to shown to have a low sensibility and specificity in the identification of these structures.
